A new experimental technique according has been introduced to evaluate the cracking behaviour of fibre reinforced Self-Compacting High Performance Concrete (FRSCHPC). According to Austria Guidelines for fibre reinforced concrete, the mixtures with different fibre types (steel fibres and PP-fibres) and fibre contents have been cast directly into a circular panel and the assembly has been subjected to a drying environment by air exhausting to produce cracking. Lengths, widths and the maximum widths of the resulting cracks in the overlay have been measured. The using of fibres -especially the using of hybrid fibres -has been found to be very effective in reducing the restrained shrinkage cracks.
INTRODUCTION
Nowadays, the Self-Compacting High Performance Concrete (SCHPC) considered in this investigation can be widely used both for building structures and for tunneling. Because of the evaporation of the water in the mix, and because of the hydration process, in both fresh and hardened states, concrete has a tendency to shrink. If this change in volume is restrained [1] , the tensile stress in fresh concrete due to restrained shrinkage can cause cracking. That occurs often in thin shell structure with SCC, spayed concrete tunnelling, concrete repair layers, slabs-on-grade, etc., where the exposed surface area/volume of the overlay concrete is high, and the old concrete substrate or the rock surface is stable to the environment and offers a strong restraint conditions. Among the different methods proposed for evaluating shrinkage cracking, the Austria Guideline for Fibre Reinforced Concrete suggested a new solution of assessing the effectiveness of fibres (steel fibres, pp-fibres and fibre cocktail) in reducing the cracks of fresh concrete.
Several techniques have been proposed for investigating shrinkage cracking in concrete. These include a ring-type specimen according to Austria Guideline [2] . This test method represents an actual condition of restraint in practice and is close to the reality.
EXPERIMENTS
The main objective of the investigation was to evaluate the influence of different fibre types and fibre contents on the overlay undergoing early age shrinkage cracking behaviour of fresh Self-Compacting High Performance Concrete in a realistic condition. To carry out this investigation, the experiments were prepared in four steps:
Mix design for SCC, Testing and evaluating the workability of SCC with different fibre types and contents, Testing the strength and toughness of SCC with different fibre types and contents, Evaluating the fibre influence on the cracking behaviour (crack length, crack width and crack number) compared to the cracking behaviour of fresh concrete without fibres.
Environment factor and testing equipment
The significant environment factors for a successful testing of cracking behaviour of fresh SCC are chosen as follows:
A constant temperature of specimen between 19 0 C and 20 0 C, A constant relative humidity of 36%, A constant wind velocity of the evaporation for specimen surface: 4m/s. The test steel ring type framework ( Fig. 1 ) has been equipped with humidity sensors, temperature sensors and velocity sensors (Fig. 2) . The signals from which are sent directly to the PC. The cause of the restraint applied to the specimen was that coming from the rough surface of the side of the ring type framework. The ring type framework consists of two concentric placed ring type steel shell on steel plate with 12 crack indicators for locating the possible major cracks.
The point of time for begin of the air evaporation for specimen surface is one of the most important parameter. That is depended on the mix design and on the bleeding of concrete. During the crack observation, the exact times at which the cracks appeared on the specimen surface were noted. The crack number, crack lengths and crack widths have been countered. The measurements have been done every hour in the initial five hours and then 18 hours afterwards. All measurements have been terminated 18 hours after air evaporation. In order to compare the shrinkage behaviour of plain concrete, five specimens for each fibre content of different fibre types have been tested. 
Mix design and different fibres
The mix design for proposed SCC is given in Table 1 . Based on the investigations on the workability, on the strength and on the toughness of Fibre Reinforced Self-Compacting High Performance Concrete [3, 4] , the various fibre types and different fibre dosage have been chosen as follows:
Micro 
RESULTS

Workability of fresh concrete with and without fibres
In order to evaluate the rheological behaviour and the workability of fresh FRSCHPC, the tests have been carried out with rheometer, flow-channel, J-Ring and L-Box. The experiments [3] with micro fibres illustrated that the flow behaviour of fresh concrete without fibres (OC), SFRC F10 (fresh concrete with 10 kg/m³ steel fibre F) and PFRC A 1 (PP-fibre reinforced concrete with 1 kg/m³ fibre A) are similar. The fibre dosage of 1.5 kg/m³ PP-fibre A/B and 10 kg/m³ steel fibre F has no negative influence on the workability in comparison to the mixture without fibre, but the flowability of SFRCF 30 and PFRC A/B 2 was reduced sharply. The mix of PFRC B1.5 showed a better workability than that of PFRC A1. That could be traced back to the smaller surface frictional coefficient of PP fibre B [3, 4] . The experiments with macro fibres indicated that both flowability and passing ability of the series of fresh CFC 30/5/0.5, CFC 30/1 and CFC30/5, PFRCD 7 and SFRCC 30 showed excellent workability [3, 4] .
The compressive strength and the flexural toughness of fresh
The compressive strength of all the samples exceeded 50 N/mm² after 7 days, and 70 N/mm² after 28 days. Therefore, the proposed mix design has produced concrete that meets satisfactorily the strength requirement of SCHPC [3, 4] .
The flexural toughness
In accordance with the German Guideline DBV [5] and ASTM [6] , tests regarding the fibre influence on the flexural toughness of SFRC have been carried out. The post-crack performance of beams and round panels with various fibre types and different fibre contents has been investigated. The experiments with fibres indicated:
Compared to SFRC C30, the flexural toughness of CFC 30/5/0.5 increased about 20%. Compared to CFC 30/5, the flexural toughness of SFRCC 50 increased only about 11%, while the total fibre content increased by 43% [4] . From the results of the workability, flexural toughness, the appearance of multiple cracks in the flexural beam and the panel test, the conclusion may be drawn that the fibre cocktail -a combination of steel fibres and PP-fibres -can enhance the toughness of SCHPC strongly and therefore represents an optimal fibre reinforcement for SCHPC [4] .
3.3
The fibre influence on the shrinkage cracking behaviour of fresh concrete 3.3.1 The shrinkage behaviour of plain SCC specimen [3] About 6 minutes after the air evaporation, some cracks appeared in the surface of the plain concrete specimen. Table 2 shows the average results of crack lengths (CL), crack widths (CW) and crack number (CN) of plain concrete 18 hours after the air evaporation. It can be seen that both the crack length and the crack width and crack number increased strongly during the first 2 hours after the air evaporation. Thereafter, the appeared cracks extended in a small dimension. Table 3 shows the average results of crack lengths (CL), crack widths (CW) and crack number (CN) of SCC specimens with 1 kg/m 3 of PP fibre B during the first 18 hours after the air evaporation. Similar to the shrinkage behaviour of plain concrete, both the crack length and the crack width and crack number increased strongly during the first 2 hours after the air evaporation. Compared to the cracking behaviour in the first hour, the crack length has increased 50%, the crack width 53% and the crack number has increased 68% from one hour to two hour after the air evaporation. Thereafter, the appeared cracks extended in a small dimension. However, it can be seen that the addition of 1 kg/m 3 of PP fibres has clear positive influence on the reduction of shrinkage cracks. Table 4 illustrates the relation for cracking reduction between SCC specimens with 1 kg/m 3 of PP fibre B and plain SCC specimens during the first 18 hours. Some cracked specimens of plain concrete and PP fibre reinforced specimens are shown in Fig. 3 and Fig. 4. Fig. 3 shows cracked SCC specimen without fibers (5 hours after the air evaporation), while Fig. 4 shows cracked SCC specimen with 30 kg/m 3 steel fibre C and 1 kg/m 3 PP fibre B (5 hours after the air evaporation). The comparison of the cracking behaviour between plain concrete and fibre reinforced concrete with various fibre types and different fibre contents are illustrated in Fig. 5, Fig. 6 and Fig. 7 . Fig. 4 : Relation of crack length of fibre reinforced concrete to plain concrete after 18 hours [3] 
DISCUSSION
The crack patterns shown in Table 2 and Fig. 3 indicate that in plain SCC specimens average 14 major cracks appeared and the maximum crack width of 1.7 mm was observed. The most cracks (about 80%) occurred from the crack indicator to inwards. Both various steel fibres, different PP fibres and fibre cocktail (the combination of steel fibres and PP fibres) are effective not only for reducing the crack length, crack width and crack number, but also for the distribution of the cracks more uniformly. The investigation with various fibres indicated:
The most cracks (about 70%) occur during the first two hours after the air evaporation. After five hours, the cracks behave relative stable due to the fibre effect. The dosage of 1 kg/m 3 PP fibre A shows a stronger influence on the reduction of shrinkage cracking than the the dosage of 1.5 kg/m 3 PP fibre B. However, the mix of PFRC B1.5 had a better workability than that of PFRC A1. That could be traced back to the smaller surface frictional coefficient of PP fibre B. The dosage of 30 kg/m 3 steel fibre C is more effective in reducing the shrinkage cracks (crack length, crack width and crack number) than PP fibre A/B of 1 and 1.5 kg/m 3 . Compared to plain concrete, the shrinkage cracks of SFRC C30 decreace about 60%. As illustrated in Fig. 4, 5 and 6 , the fibre cocktail shows the best effect to reduce the shrinkage cracks. Based on the study on the workability, on the strength and on the toughness, the fibre cocktail reinforced SCC specimens (CFC 30/1 and CFC 30/5/0.5) may present the optimal possibility both for the structure using and for reduction of shrinkage cracking. 
